I. INTRODUCTION
A LTHOUGH the title of this Special Issue is Microproces- sors in Education, we believe that the implications of the digital electronics revolution are considerably broader. The development of the microprocessor has led to the integration of computers into all areas of system design and all types of systems. It is this widespread application of computers which impacts education, not any technical details of microprocessors. One of the tendencies which we have observed is to treat microprocessors as a special technology which is taught in a vacuum and covered with an overview and some simple examples and demonstrations. We believe very strongly that designing a system which contains a microprocessor should be approached the same as designing any system which includes an embedded computer, and the proper tack is to teach computer system design and integration into larger systems or particular applications. The details of microprocessor-based systems serve merely as common examples of these types of designs. If a designer wants to be successful at this type of effort, he or she must have a firm grounding in computer systems and the design of computer hardware, interfacing, and software.
One of the key points of United States defense policy is the trading off of numerical strength (i.e., manpower and weapons) for advanced technology. In order to pursue this policy in a cost-effective manner, it is essential that the military services have highly capable personnel to acquire, manage, maintain, and utilize high-technology equipment. In today's world, people with the necessary knowledge and capabilities are a rare and valuable commodity, and it is difficult for the Department of Defense to attract and retain these people. For example, the U.S. Air Force had a. shortage of over 3000 military and civilian engineers in 1979, and this shortage is increasing.
One viable approach to meeting these shortages is education, and the military has a long history of educating their own, both to meet immediate needs, and to provide a recruiting benefit for attracting additional manpower. Examples include the health professions scholarship program, used to provide military physicians; funded graduate programs, which include military sponsored Master's and Ph.D. programs at civilian schools, mainly in the physical sciences, engineering, and management fields; and the military graduate and undergraduate schools. These schools include the service academies, the Naval Post Graduate School (NPS), and the Air Force Institute of Technology (AFIT). Additionally, the services provide technical training in specific subjects and weapon systems.
One aspect of the problem of obtaining the best qualified force for the minimum expenditure revolves around crosstraining, retreading, and upgrading (or updating) education. This aspect leads us back to the theme of this issue and the subject of this article, graduate computer systems education for Signal Corps officers of the U.S. Army. The Army does not have the funds or the justification for a wholesale increase in the number of M.S. degree positions in the Signal Corps. On the other hand, almost all of the current weapon systems and communications equipment contain embedded computer systems (microprocessors) [1 ] , [2] , and need to be dealt with as networks of digital computer systems. Currently, many of the Signal Corps officers have very little education in the areas of computer architectures, software engineering, operating systems, computer networks, and digital data communications. The program which we will describe in the remainder of this paper is a joint AFIT/U.S. Army Signal Center approach to meeting these requirements.
At In the area of computer systems, laboratory facilities range from a collection of single board computers based on 8080 and 6800 family processors, through full development systems for these same processors, and for the 6500 and Z80 processors, to most of the common minicomputers. These minicomputers include the HP2 1 MX, TI 990, Data General Nova and Eclipse, DEC LSI-1 1 and PDP-1 1, and VAX 11-780.
The rationale for the large number and diversity of machines is to maximize the hands-on experiences of the students and match as much as possible the different types of machines in use throughout the Department of Defense. A special emphasis of the computer system programs is to include hardware modifications, interfacing, and systems design in all laboratory courses. utilized during the period of the eighth year of commissioned service. This approach does not work well for officers who had technical backgrounds when they entered the Army. Technical obsolescence and poor retention rates are problems often associated with these officers. The state-of-the-art in technology is advancing such that a delay of five to eight years in applying those technical skills makes them obsolete before they can be applied. Such policies have adversely impacted job satisfaction which, in turn, adversely impacted retention. This course of study, therefore, provides: 1) an incentive for individuals with computer-related backgrounds to come into the Army, 2) a means for officers with technical backgrounds to make the transition from academic study to Army-specific practical application, 3) utilization of technical skills early in the officers' career (improving job satisfaction), and 4) the reinforcement of technical skills through advanced study significantly earlier than in the eighth year of service (avoiding technical obsolescence).
The military services have a record of cooperation in computer hardware [3] , [4] and software [5] , [6] . The services have addressed the technical issues, but a cooperative educational program in computer systems is a new concept. Implementing this course of study also involves the development of a legal agreement between the two services describing requirements that will be adhered to for this program.
One important aspect of this course of study is As described above, AFIT has quite a number of commercial minicomputers and microprocessor systems, but one of the early goals of this program is to acquire samples of Army computers and communications systems, so that the instructors and students can begin performing in-class experiments and research projects on Army hardware.
One of the important side benefits of this program is the integration of Army officers into the AFIT faculty. These Army instructors are primarily teaching the set of courses described above, but the students include Army officers in this program, military officers and DOD civilian employees in degree programs, and students in other professional specialized education programs.
One of the prime requirements on the type of communications system which we are working with is to communicate with close air support and other tactical aircraft. The Army personnel will be interacting directly with Air Force officers whose jobs after their tours at AFIT may well involve designing or acquiring the airborne counterparts of the Signal equipment.
The standards for admission to this program were described earlier, but it is appropriate to talk in general terms about the student backgrounds, and the anticipated type of student. This is a difficult and demanding course of study, and the student must have a technical background in order to learn this material at the rate it is presented. We will select officers for this program who have the ability and desire for higher education (beyond the baccalaureate degree) but whose undergraduate program was in a less technical field, or who did not demonstrate the performance which they are now capable of. In an effort to reach this goal, we are looking for indicators of ability rather than demonstrated performance in our admission procedures. In an attempt to lower the anxiety level of military officers who tend to perceive (in most cases correctly) that performance in military schooling has a direct and immediate effect on their careers, we are separating academic performance measures from military training reports. The students are working on two parallel, but separate goals. On one hand, they are pursuing military professional education to help them acquire, use, and maintain computer and communications systems, and on the other hand, they will be earning graduate college credits which can be applied toward a graduate degree, either at AFIT, or at another institution.
IV. ARMY ASSIGNMENTS
The potential job assignments for graduates of this course of study are numerous and varied. These positions require individuals to work with tactical data systems throughout all phases of the life cycle. Positions are available with maneuver units in the employment of fielded systems. A position of this nature involves the daily operation of systems that are actually to be used on the battlefield. These individuals are responsible for effective utilization of the systems, as well as training the user community. Additionally, enhancements to the fielded systems could be accomplished in the development commands from requirements that are generated by technically knowledgeable officers using the systems.
The development commands will benefit with the inclusion of officers that have work experience and technical competance. A significant contribution in Army embedded computer system development is expected in the areas of requirements formulation and system testing. An implied problem throughout this academic effort is that the Army is lacking individuals in the area of technology transfer. Officers who complete the AFIT course will impact the training commands within the Army. These officers can be used to train other Army personnel in installations similar to the Signal Center.
There are many opportunities for these individuals, and as the tactical data systems of the 1980's begin to emerge, the people will be there to deal with the technology. The implementation of this Army/Air Force educational program is a significant step forward in the utilization of technically educated computer systems personnel in the Army.
V. FUTURE DIRECTIONS Several options are available to the Army officer who wants to complete an advanced degree in computer science. This topic is of interest when considering a motivation factor for retaining technically qualified officers. The options available include: fully funded, degree completion, and off-duty education.
Fully funded graduate study can be approved for officers when approved (degree required) positions exist. These positions are limited and quite competitive in nature. Under the fully funded scheme, an individual is projected for a position prior to the start of a degree program.
An Army officer who completes the AFIT course of study will have earned 27 quarter hours of graduate credit. Most universities allow an individual to transfer 12 quarter (nine semester) hours, maximum, toward an M.S. degree. An individual could pursue an M.S. degree on a part-time basis upon reassignment to an area close to a computer science degree granting institution. This approach could be augmented with the degree completion program which would allow an individual to pursue full-time graduate study at the same institution in which part-time work was completed. The degree completion program can be approved for a maximum of six months and there is no requirement for an individual to be projected for a (degree required) position.
In addition to the educational program described in this paper, there is an eight week course for newly commissioned officers which exists at the U.S. Army Signal Center. This Signal Corps course is designed for Army officers who possess an undergraduate degree in computer science or computer engineering. The course consists of four components which are each two weeks in length. The four components include: Army specific material, data base management systems, computer networks and distributed processing, and computer performance measurement and evaluation. The latter three components are each 50 hours in length and designed to be taught at the graduate level.
It is expected that in three to five years many of the eight week Signal Corps course graduates will be eligible for attendance at the AFIT program described in this paper. There are current efforts to ensure that the AFIT program evolves over the next few years in order to accommodate individuals with educational and professional work backgrounds in computer science and engineering, as well as other disciplines.
One major benefit of a joint Army/Air Force educational program is the solution of Army embedded computer systems problems. AFIT has expressed an interest in addressing Army problems within M.S. and Ph.D. theses research in the computer systems degree program. This interest in technical problems of the Army immediately enhances the knowledge base of both services. Additionally, this approach could benefit in the long term from the standpoint of interoperability. Administration looks with great favor on courses with broad appeal to the total student community, and broad appeal demands that more general topics be covered and that examples be chosen from a wide spectrum of disciplines. Recently, our three year preengineering and our standard track science majors requested that we teach assembly language programming and include more material related to scientific computing so that summer employability would be increased and postgraduate vocational contacts made.
Prior to the introduction of microprocessors in our program we offered essentially three courses: 1) Computer Culture, a liberal arts introduction to computing and the social issues surrounding it, 2) Introduction to Computer Science, a standard fare of computer language fundamentals, data structures, and programming projects, and 3) Pascal and Structured Fortran, our higher level language course, populated by students from an increasingly wide variety of academic majors.
In addition to the courses described above, our medium sized minicomputer system must support the numerical approximation and graphics needs of various physics and mathematics courses, must provide several statistical packages for social science and statistics courses, and satisfy the rapidly developing demands for word processing and record keeping made by a number of our academic departments. Machine level programming on this system along with the unavoidable student experimentation would have produced a level of instability not acceptable to the majority of users. On the other hand, our administration did not look with favor on a large additional expenditure to provide auxiliary computing equipment to be used by a relatively small number of students, and then for only slightly over one half of the academic year.
In this context we moved toward the purchase of a number of separate microcomputers to support any assembly language instruction we might wish to attempt.
MICROCOMPUTER SYSTEM
We ultimately selected a system which: 1) provides for student-computer interaction by means of a terminal rather than a hex pad and LED display; 2) utilizes our main system for storage and for higher level support, such as editors and cross assembler; 3) employs a small (I K ROM, 1 K RAM) microcomputer for execution of student programs; and 4) performs all system communication over standard EIA/RS-232 terminal lines.
In our opinion students learn most efficiently when looking at the industry equivalent of a television rather than an LED display. The use of the main system for storage and for higher level support allows for nontrivial programming on very small and economical systems. Programs generating large amounts of data simply store the data back on the main system.
We have chosen Intel's Systems Development Kit, SDK 80, as our microcomputer. The low initial cost allows us the option of securing technical help for assembling the kits or having students work on the kits as part of their educational experience. The existence of several identical systems also frees us from time pressures that departments often use to rationalize the price of maintenance contracts. Our choice of the 8080A was based on its wide number of applications in industrial and engineering circles.
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